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Na® /H" [0 ¥ iz 8 (A 5 AtNHXS1 ik 17 5% 3%
PR K R A 55 LA SE BR 37 A 122 35 PR A Tid 5k 4 7 1w G 3%
EE/LN
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oo

KFE(Oryza sativa L) FHFHFIE 11 5. K
B & f (Escherichia coli) DH5a, R 8 & #F 5
(Agrobacterium tumefaciense) EHA105, # ¥ 3 ik
#H Ak pCAMBIA1301-35SN ¥4 28 35 Fy 78 52 56 %5 £
7. DNA [ 5] & 3 Promega 28 7] ; SYBR®
PrimeScript™ RT-PCR Kit [[ (Perfect Real Time)
Tag DNA R4 .DNA Marker DL2000 . B2 il 4 4
VI F TaKaRa (K i) 22 7] s DIG high primer
DNA labeling and detection starter kit [ & Roche
77 it s AW 2 At R0 1 S Al

1.2 WA E

D) fl ¥ % ik Bk pCAMBIA1301-35SN-A¢-
NHXS1 Wt g, Sma I Fl Sal 1 Xt AtNHXS1 &
L) 23R BRI AT BURE VT, 28 1 D0 B JIR W 58 o vl Uk
B 4l Ak, 16 °C 3 % 3% #2, FF Al d 1Y 41 BT okE
pCAMBIA1301-35SN-AsNHXS1 % 1k 2| K % T #i
DHS5 o, X 3145 B9 FE 240 5ok AT A D) . PCR %85 .

2) KR s AL B Al . A AL A e 1) 2 1A e A B
RN EHAL0S o T TR RS R s AL e Ak . K
et LA 5 580,70 0 L3R 1 min J5 , FAR R LE
N1 2 AU R BV WO B 30 min, JC I K sk
T~8W IRJG 26 CHA T RE/KE AR . K rd)
FHCEAE Ny D, R R E (& 1 mg/L 2,4-D,
pH 5.8),26 CHERTF%. 14 d K0 1 %, 3 2 3%, 3%
IR I AR RORES R @ A 28U TR 3. H
&4 pCAMBIA1301-35SN-ArNHXS1 Y 4 A 16 #
FhE) AB WA R 77 3£ (50 mg/L KAF%E % .20 mg/L
), 28 CREGHEFR . HWRKEN T2 DEN
0.3~0.5,5 000 r/min &> 15 min, 3 1§, BETF
100 mL AAMPS IR 35 35 (20 mg/L Z BE T %
AS) R A A ZH 20 min, BUTETC TR IE AR I
PR T B A LB SR B FR Jk b, 22 °C TR L B 57
3 ds AR5 e B B O ok B Rk B0 k. 45 2 R ARR
TWERAR 2 W5 56 7 B 1040 1k B 95 B B 3R 2
1R B0 IR S 0 Ja e Ao A s Fe ke vh A AL AR
LIPS 2~3 em J5 ok R B AR R
HE(E 1 mg/L NAA 9 MS ¥ 3730 b R R &

1.1

KJE AT A .

3DF AINHXS1 KFE o FA M, L CTAB ¥
PRI 56 DR RN BF Az R0 RE MR K RS M A 4 R TR A
DNA it M4 AcNHXS1 F5 %519, F.5'-
CGAGTCGACATGTTGGATTCTCTAGTG-3'
(RIZ A K Sal T Y53 R:5'-ATA CCCGGG-
AGCCTTACTAAGATCAG-3' (R £k kb N Sma 1
fiti U)o 0 #£47 PCR &l . PCR Wi B2 JF 4 :94 °C
10 min; 94 C 30 $,60 °C 30 5,72 °C 90 s,30 &
;72 °C 10 min,

F4 8 o PCR i 1 1 PH M %% 2 IR K R bk R
AT-7 il AT-10 # 47 Southern blot i 46 XK E . &
5% F.5-TTCTCTAGTGTCGAAACTGCC-3'
R:5-TGTTGCAGCAAATATGGCACC-3', L) J5i ki
pCAMBIA1301-35SN-A:tNHXS1 Jy # #z, ¥ 14
AtNHXS1# o B B REE . i3 BamH 1 B U)K
T 5L PH 2 4 DNA, HL UK 5% R, 2 B b 5 2 A il S
Kz 77 & 24T Southern blot &l ,

DN E B PCR 40T, B3 K/ KA ol
[ T, A B A 28 R 35 PR KRR i AN 5 $R1% Ho-
agland HFRWAI 5 d, JF & 7 5 H & 0,100, 150
mmol/L NaCl # Hoagland #3543 5 d, 4b 3 4T
BRI A R T RT-PCR &, AWk — 7
1L B A R K R R XE BRL BT IR R A T
AtNHXSITE R H K Fa v 9 R B O s 75— Jr
LI 0 mmol/L NaCl &b ¥ i) 5% 3 B /K A8 S X B8, )
ANRIFHWE T AtNHXS1 B F£EZ RSB, Trizol
PO R Fh AL B K A i B B RNA, 2 ] Taka-
ra 2N Bl U B A S B A5 3] cDNA, LUK FE IR Fac-
tin (GenBank: NM-197297) £ N 2 H X, i@ 1 4
X E I H AN AtNHX ST 3 35 2 59 H %
25 ARt 2 AR5 Y. Bactin: F. 5
CCTCGGAGOGTG GTTAC-3', R: 5-CAGGGCAGCG-
GAAACG-3'; AtNHXS1: F: 5-A CTCACCTAAAC-
CACGA A GC-3',R:5-GAGGATACCGCTCAAGTCG -
3", RT-PCR #/:94 °C 5 min,94 °C 15 5,54 °C 10 s,
72 °C 15 sGEMRD - 40 MG,

5) e B PR AR B T £ Mk o b . DARE 3R 3 R AE
Ay TACEFAE A R AT-7 AT-10 #EH R R N
R H K, 43 B 7E & 0.50,100, 150, 200 mmol/L
NaCl i Hoagland & F£ W H H5 3% 10 d; AN A1 81
TE 300 mmol/L NaCl & &% 1Y Hoagland B 35K
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FE53% 5 d, 5 37 5 FU M 50 mmol/L NaCl % 35 i
L o E6 VR 3 2 U 3G 0, AR B 50 mmol/L, 3 d &b
1R, e & LM E 300 mmol/L NaCl £ 35 d
JE AR AR AL 3 AR TCER 3 S TR AR K10 dL g
591 L2 AN [ v Ji 56 Ak BT 9 S DR Ao 0 Y 2 7R A
A KRS

6 7K e A PR T 0 o R O A R 3
N AR T, A 8P A4 7 Je JH AT-7,AT-10
S BL KRS8, 43 M AE 0,150 mmol/L NaCl T &b
BT d, T 0 R TR A I . 2R AR KR
PR AV R T v o FH W K 4R I - 2 T K 43, R B
w2 JE R AR 120 C R 30 min, 80 CHET =
FELJ L BRI 0T 6

DNa K™ FEme, B4k 2 Fg T8
B A AR AT-7  AT-10 B KRG LT . 40 B AE 0
120 mmol/L NaCl ¥R EE NALFE 5 d. ¥ &b #5194
BRASTE 02285 7oK ohdk 5 0, 90 °C it 2 i,

LB

3583 HyYG CaMV35SP N30 4iNHXST

t 1

EcoRl Smal

t

Sall
E 1
Fig.1

22 HEFAKBHRENRGERESFETE

AT AR A A 5k ) HKE CaMV35S i B
AtNHXS1 % AR RS fAp b fe 11 5, 82t
PCR 5 0 (2>, #1251 45 8 T 20 ANl ST 1 5 ik
kR, *HH 2 4 PCR MM R AT-7.AT-10
P47 Southern blot % %2, # % AtNHXS1 Ll
DU = 1 2 b 4 A B K R B R 41 (BT 3D, AT-7.,
AT-10 2 PMKREMR R AT F — il 58 ,

1 2 3 4 5 6 7 8 9 WI'M

1580 bp

M:DNA 4 F it 45 DL 2 000 marker;
WT. B4 K F§ Wild-type plants;
1~9. 5 F KK Transgenic plants.
B 2 % AINHXS1 k%8 PCR £EH K E
Fig.2 PCR identification of AtNHXS1

in transgenic rice plants

CaMV35SP

JFC R T . H 0. 1 mol/L AYESERAE N Ak 2
W, WK IR AL FR 3 b, B0 B B 0 A Wi gy
ST (AA-680, Shimadzu, Japan) 43 3] ] & B A=
Y R FE IR MR Na ™ K" &, 50 i A 4L
Wi 3 U S AR iR

2 HERMGHH

2.1 YW RIEH MK pCAMBIA1301-35SN- AtINHXS 1
M

iR AR pCAMBIA1301-35SN 3 i CaMV35S
JE 8§ 1 Nos £ 11 7 # #t pCAMBIAL301 4 H iy
L i b . R Smal f Sall 4y 51 %F At-
NHXS1 FE ik 2R 3847 XUEE V) L 3 1% 5% 42, 159 2
Y £ ik #% & pCAMBIA1301-35SN-A:tNHXS1
(1) . PCR J H P 25 5 R AeNH X ST 1 FF i
= ) B HE I B 3 A B CaMV35S J3 8 7 Fl Nos £ 1F
T2,

RB
CaMV35SP

Lac7/ o GUS Nos3’

HindIl

R EH K pCAMBIAL301-35SN-AINHXS 1 4544 &
Diagram of the expression vector pCAMBIA1301-35SN-AtNHXS 1

AT-10 AT-7 wT Control

,—nssohp

Control: PCR #"#4 72 4] PCR products of AsINHXS1; WT. B4
HKFE Wild-type plants; AT-7, AT-10; % 3£ K 7K #§ Transgenic
plants.

B 3 ¥ AINHXS1 K #E# ¥ Southern blot £ 7E
Fig.3 Southern blot analysis of AtINHXS1

transgenic rice plants
23 HEFEEK RT-PCR 17
i it RT-PCR £A, 2347 76 6 W 3n T 5% 5 R A
b AINHXS1 R RS0, 45 2R (R 1.3£ 2)
R EIEH B RRE T R E KR A:INHXS]
() 3k 5 R BF A R 939, 1245, U I A(NH X S17E
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eILDKAE it 3Rk . FeBEPUKRIARR bk e, 5 Jo b Wr i & RNA £ ik & M 1L, 100
bR, N S W Pactin £ KR E. H & mmol/L NaCl F,RNA FiE & T 1. 46 £5; 1M
AtNHXSTEE 5% 5k K F BF RNA Rk @B 21 78 150 mmol/L NaCl T ,RNA Rika#m T 2. 49
Hahn ., oF HBEAE R B e, B R A WA Y

F1 WHERE PCRHH AINHXS1 EHERKEHRHTERE

Table 1 The relative quantitative expression of AtNHXS1 overexpression in transgenic rice plants

KA Type WS CtfH Ct(Bactin) HmEMA Ct i Ct (A:NHXS1) Ct {2 ACt 2~ 8aC [t #% Ratio
1} A= A1 Wild-type 25.3440.14 30.2540.11 4.9140.18 / 1. 00
FEHEF B Transgenic 25.6140.16 25.2340.19 —0.3840.25 —5.2940.30  39.12

DACt=HMERE Cti— NS AR Cefi; AACt =NaCl A F CHEEF Y Ct H— SR Co (i) — RAEHALCH 2R 1
Ct{Hi—HNZHHEM Ct i), ACt = (Ct, AINHXS1 — Ct, Bactin ); AACt = (Ct, AtINHXS1 — Ct, factin) NaCl treatment— (Ct, At~
NHXS1—Ct,Bactin) control. F[i] The same as below.

R2 WAEEPCROWMAEBRKREMET T.HEE KR
Table 2 The AtNHXS]1 expression of transgenic plants under different NaCl treatment by RT-PCR

NaCl 4b 2 mmol/L) Ct % Ct
ﬁ:fffa/tt(nent ' éit(agilz:lxs{lg) lj\](:t(%;'a.ctin ){E CriEE ACe 2 M Ratio
0 19.3740. 05 25.26+0.02 —5.8940.05 / 1. 00
100 18.5940. 07 25.0240.02 —6.4340.07 —0.54 1. 46
150 18.12+0. 06 25.3340.04 —7.21£0.07 —1.32 2.49

1. 874 BUK RS The wild-type cultivar; 2,3 #3E KMk The transgenic plants; A. 0 mmol/L NaCl 4t# 10 d Under 0 mmol/L NaCl
for 10 days; B. 50 mmol/L NaCl £t #f 10 d Under 50 mmol/L NaCl for 10 days;C. 100 mmol/L NaCl 4t # 10 d Under 100 mmol/L
NaCl for 10 days; D. 200 mmol/L NaCl 4t # 10 d Under 200 mmol/L NaCl for 10 days; E. 300 mmol/L. NaCl £t #8 5 d Under 300
mmol/L NaCl for 5 days; F. {2 300 mmol/L NaCl £k B 59K & 10 d After 300 mmol/L NaCl treatment then transferred to 0 mmol/L
NaCl for 10 days.

4 FERMBEEFEKBHEES T
Fig.4 The growth of wild-type and transgenic rice plants under salt treatment
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24 HEFEKEMEE S

EFERKIRE T IR KRR AT-7.AT-
10 fF A UM bR Z %A I AR K 2R
L 4-A) H R Bl 25 50 B 1 2 /&7 % BE DR K A R 81
HH R A B AR KA AR 4-BLC) . M ER W E
F] 200 mmol/L NaCl B, H FE R KRR 5 B 8
T B A BUK RS (] 4-D) , 7E 300 mmol/L NaCl 4k
PR R L W A RUA AR E T SRR W I it sE T L B
FE DR AR 4 B 4 i AR B, nE PR A L H R 2R
FEomERE (F 4-E), ZBREbWria . 7 L Hoag-
land & FE AT IR 00 F 3L R BR 10 d 5 i
WA IE R R KL H A R R A BRI B A K
(W 4-F), g5RFW, AINHXS] 5 A U] B #525
T KRR B R
25 HEREKBEBLEWIERSH

Xt 3 JE 22 A B 2K R BBk AT 5 e R A R e
FE SRR TCER A ARG L AINHXST 5
PR 7K R A R R AR RO PR G B 3 25 . [HAE 150
mmol/L NaCl AbBE 44T , M7 A= RURE KR B9 T i & Al
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gentic plants; F[d] The same as below.
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Fig.5 The dry/fresh weight between

wild-type and transgenic plants
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Fig.6 The Na',K" contents

between wild-type and transgenic plants

3 i #

KR XF 6 AR R U, Fm A AR AR T
P ETIUREE NS 5 W D ol A S T W
SRR LA LN TR R B i b M S KRS
WA T — R, B R, R R
OsNHX1 5, 7K # 7T LLFE 200 mmol/L NaCl
G nha A KRG AT LLAE 150 mmol/L NaCl i
BN ARNY A5 B8 R T AE S 0 %
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it DNA shuffling £ AR K45 19 #78 Na™ /H ™ 35 [0 5%
B I AtNHXS1 %K R ok 17 8 1 545 10 . 3045
B AtNHXS1 KAEFE 200 mmol/L NaCl T A L)
IEH 4K L fE 300 mmol/L NaCl &£k & 4b B 5 d
Je e FE DRK ARG ATY 88 W] LI AE I 5 T B A= UK Rg LT 4
FBAET . HZ: 300 mmol/L NaCl kb H 5,10 d N5
FE PRK R AT DA &2 0E 5 A, (H S B AR RUOK FF H1 G
BRE K, BFH LR E L ACINHXSI
B NTERE b, ([ RE (0 T 2 M A G R, X s
SRR A S5 R B AINHXST B A
B R A2 P

HAl, Na® /H " 33 [0 $% 32 8 1 1Y 2% 35 L] A0
PE IR I W 58 2 W 1, R Z B 5 2 th 7E 4 g o
AtNHX1 W5 87 J5 . Gaxiola 81 1 Wf 5% &
B ArNHX1 JE[H ok 4 i R 3 ak A XL Shi 45007 % B
NaCl.KCI.ABA 8% L7l AtNHX1 (W56 5 5=
TRIKAF . AR 56 v g e B AL 35S U 3 T
AtNHXS1 #4715 5K pF 58, R ALNH XS
TERE PR AR I W Gk L 2 K 3R 58 2 7R 7% sk oF
152 3 NaCl By 1877 . 13X 26 25 3¢ F A 0T 58 R —
£SO B N T R L N 7 D = ) R 1
AEER WP a B R O, SR R IA B RE R Z 3 £
AFE T REZ B R EZHF L REEM . E
SR 06 TN [A) 40 2 B R 3R 3K 6 i AR Ak R
H1 25 O AIE 52 . 592 35 A OG0 BRI 45 L ) 8 A Fr
ik — 2 B F5E

TATHBF T30 K B K ol AcNH X1 3 7 3K
31 AcNHXS1 ¥ AKFE 5 MM B A B3R Y Na©
WA . BRIA, Apse U ALNHX T 52 A4
FiSTH  fE 200 mmol/L NaCl 43 16 d J5 . & I AH
Phith B3 Na©™ & B e, UL EgiR R,
I o 5 R X o B Na ™ 75 B0 Y R e T fiE
R Hm . #5 AcNHXS1 /K R H B AR A
MR A TR Na© & AERE ),k fe T id it Na ™ X 4
JfL ) B, [ B 3 58 T A I B 8 L DR T B TR
ESOR LY iRk i SERYINIE: K RN DN TE
M. Zhang 'Y KB Na' /H Wim s EAHA
T KT /H 2 ihe . T K B AIRAT
W K B BRI T A KR B LR R AR X
FasE ., Fukuda 2572708 OsNHX1 ¥ A KRG+ HY)
H K AR R HEDN Na ™ m BB K3 8 2k A 40
Jfd o NaCl e BE 55 1), Na* 7T L 38 4 1 1 5 4
YA LR KT S st 5. Rt
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FITH7R Na® /H" i 10 iz 85 A XHRE ) K Wl iy
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Overexpression of a shuffled Na™ /H ™ antiporter
gene AtNHXS1 improving salt tolerance of rice (Oryza sativa L.)
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Abstract This study was to overexpress the AINHXS1,a new vacuolar Na® /H" antiporter gene
obtained from AtNHX1 by DNA shuffling and study its effect on the salt tolerance of rice (Oryza sativa
L.). AtNHXS]1 was transformed into Oryza sativa L. ssp. japonica cv. zhonghuall by Agrobacterium-
mediated method and confirmed by polymerase chain reaction (PCR) and Southern blot. The transcrip-
tion level was analyzed by RT-PCR. The contents of Na™ ,K" and the ability of salt tolerance were com-
pared between transgenic lines and wild-type lines. Twenty T, transgenic lines haboring AtNHXS1 were
obtained,two of which were verified as insertion of single gene by Southern blot. RT-PCR analyses
showed that the expression levels of AtNHXS1 mRNA were significantly higher after salt treatment in
transgenic lines. After salt stress,it was found that the growth status,dry weight,fresh weight and Na™
content of transgenic rice plants were significantly higher than those of wild-type plants,however the ac-
cumulation of K© was slightly low. Transgenic plants were able to survive and recover after exposure to
300 mmol/L NaCl for 5 days,whereas wild-type plants could not. These results demonstrated that over-
expression of AtNH XS] significantly improved the salt tolerance of rice.
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(THESH . HXLS)



